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The Fundamental and Exploratory Research Pro g r a m
(FERP) within ESD covers fundamental earth sciences research
conducted in support of the Department of Energy’s science
mission. This mission includes research in the natural sciences
to provide a basis for new and improved energy technologies
and for understanding and mitigating the enviro n m e n t a l
impacts of energy development and use. FERP also includes
exploratory research in important new energy and environ-
mental topics conducted under the Laboratory Dire c t e d
Research and Development (LDRD) program. The scientific
insights and breakthroughs achieved in FERP often become
the underpinnings for projects that support DOE’s applied
research and development program offices.

Over the years, the basic earth sciences re s e a rch program at
Berkeley Lab has focused on three broad earth sciences pro b l e m s :

1 . Fundamental studies of chemical and mass transport in
geologic media, with special re f e rence to predictive model-
ing of multiphase, multicomponent, nonisothermal fluid
flow in saturated and unsaturated fractured ro c k s

2 . The development of new isotopic techniques for under-
standing the nature of a broad range of global pro c e s s e s —
f rom the relatively short-term effects of natural fluid migra-

tion in the crust to longer-term (i.e., 10–20 thou-
sand years) global climate variations

3 . Fundamental studies in the propagation of seismic/
acoustic and broadband electromagnetic waves thro u g h
geologic media, with emphasis on new computational
techniques for high-resolution imaging of near-surface and
c rustal stru c t u res (such as possible fracture flow paths) and
for inferring the types of fluids present in pores and frac-
t u re s

Results from these re s e a rch endeavors have had a major
impact on applied energ y, carbon management/climate change,
e n v i ronmental, and radioactive waste management pro g r a m s .
C u r rent re s e a rch projects are briefly described here .

CHEMICAL AND MASS TRANSPORT
INVESTIGATIONS

C u r rent re s e a rch in this area is focused on nanoparticle  and
colloid transport in unsaturated porous media and rock frac-
t u res, chemical transport in stru c t u red porous media, unsaturat-
ed fast flow in fractured rock, and production and evaluation of
coupled processes for CO2 in aquifers. The nanoparticle re s e a rc h
focuses on the mobile fractions and natural abundance in soils.
Also studied is the rate of  infiltration in the unsaturated zone, an
important issue in studying and defining the driving forces and
boundary conditions in the containment and cleanup of contam-
inants in the subsurface. Also being re s e a rched are interfacial
reactions such as at quartz/water interfaces and the interg r a n u-
lar diffusion in uranium and in sand. Another study has focused
on the use of x-ray absorption and diffraction methods to study
sorption processes. 

ISOTOPE GEOCHEMISTRY
The Center for Isotope Geochemistry (CIG) is a state-of-

the-art analytical facility established in 1988 to measure the
concentrations and isotopic compositions of elements in rocks,
minerals, and fluids in the earth’s crust, atmosphere, and
oceans. Fundamental research conducted at this center is
directed at finding new ways to use isotopic information to
study earth processes, such as long-term climate changes, and
at predicting the chemical transport of mantle-derived or deep
crustal fluids as they move through the crust.
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One of the major problems being studied at CIG is how to
estimate fluid-solid reaction rates in natural-gro u n d w a t e r
h i g h e r- t e m p e r a t u re geothermal conditions, particularly as
these rates affect mineral dissolution and secondary mineral
precipitation. ESD researchers are developing novel ways of
estimating reaction rates by using isotopic tracers (primarily
strontium, but also uranium and neodymium) to determine
solid-fluid exchange rates in various natural situations.
Scientists are able to derive the “reaction length,” a parameter
that depends on the ratio of isotope transport by diffusion and
advection to the reaction rate. The ultimate objective is to
understand the microscopic (as well as pore-scale and
mesoscale) characteristics of natural systems that have been
characterized in terms of "field scale" reaction-rate measures.
An intermediate goal is to establish empirically the natural
range of fluid-solid reaction rates. Examples are the U-Th/He
geochronology of young volcanic rock, understanding  and
predicting the microbial degradation of chlorinated solvents
with carbon isotopes, and using Xenon isotopes to study
buried wastes.

ADVANCED COMPUTATION FOR 
EARTH IMAGING

The Center for Computational Seismology (CCS) was cre a t-
ed in 1983 as the Berkeley Lab and UC Berkeley nucleus for seis-
mic re s e a rch related to data processing, advanced imaging, and
visualization. In recent years, a great deal of cro s s - f e r t i l i z a t i o n
between seismologists and other geophysicists and hydro g e o l o-
gists has developed within the division, resulting in collabora-
tions on a wide variety of fundamental imaging problems. A p r i-
mary thrust in this re s e a rch has been to jointly develop seismic
and electrical methods for understanding fluid flow and pro p e r-
ties within the subsurface. In addition, fundamental studies on
i m p roved inversion and modeling of complex media in 3-D are
being carried out to analyze such effects as matrix hetero g e n e i t y

fluid flow and anisotro p y. Applications range from small-scale
e n v i ronmental problems to oil and gas reservoirs. 

ROCK PHYSICS
A variety of rock and soil science experiments are being

conducted through ESD’s Geoscience Measurements Facility,
which supports both field and laboratory work. In one new
laboratory project, researchers are studying the compaction
and fracturing of weakly cemented granular rocks. This study
examines the effect of micromechanical properties of weak
granular rock on macroscopic properties such as load-dis-
placement response, ultimate strength, and failure mode. In a
second study, a fundamental investigation of scattering and
intrinsic attenuation of seismic waves in rock with heteroge-
neous distributions of fluids and gas is being conducted. This
research represents a departure from past rock-physics studies
on seismic attenuation, in that the emphasis here is not to do a
detailed study of a specific attenuation mechanism, but rather
to investigate theoretical and laboratory methods for obtaining
separate estimates of scattering and intrinsic attenuation in
rock with heterogeneous pore-fluid distributions.

FUNDING
Funding for research in the Fundamental and Exploratory

Research Program comes from a variety of sources. These
include (primarily) the U.S. Department of Energy, through
the Director, Office of Science, Office of Basic Energy Sciences,
Division of Chemical Sciences, Geosciences, and Biosciences;
the Office of Biological and Environmental Research; the
Assistant Secretary for Fossil Energy, Office of Natural Gas
and Petroleum Technology, National Petroleum Technology
Office, Natural Gas and Oil Technology Partnership; and the
O ffice of Environmental Management Science Pro g r a m .
Funding is also provided by the Laboratory Directed Research
and Development Program (LDRD) at Berkeley Lab.


